A critical review of all experimental data on Stark widths and shifts of spectral lines of neutral elements published during the period 1976-1982 has been carried out. This work represents an extension and update of an earlier review which covered the period before 1976. Data tables containing the selected experimental Stark broadening parameters are presented together with estimated accuracies. Comparisons with comprehensive calculations based on the semiclassical theory are made whenever possible.
This critical review is the extension of an earlier review on experimental Stark broadening data for spectral lines of non-hydro genic atoms. 1 It covers the period from 1976 to the end of 1982, but some previously omitted papers of the earlier period are also included. As the main literature source for the period 1976 through June 1978, we have used the references listed in an NBS bibliography,2 and for the more recent period we consulted the master file of the NBS Data Center on Line Shapes and Shifts. Also, for the entire period covered by this review, the authors maintained an independent literature search for additional references.
Theoretical data are used as a check on the consistency of the experimental results, including consistency among the various lines measured within each experiment as well as consistency between different experiments. To ensure uniforIp. comparisons, only comprehensive calculations j ,4 were chosen, as in our previous review. Calculated data are now available for . elements heavier than calcium, 4 and the results of the comparison with experimental data are included in the tables. For some atoms (Oe I, Cd I, Be I, and some results in Zn I) data from the preceding review 1 are reprinted, because they can now be compared with the new theoretical results.
Evaluation Procedure
The evaluation criteria have already been discussed in detail in the earlier review. 1 Since we follow these same criteria, we will state again only the main criteria for the selection of experimental work:
(a) An independent and accurate determination of the plasma electron density, N e , must have been carried out.
(b) A reasonably accurate determination of the electron temperature must have been carried out.
(c) Other contributing line broadening mechanisms (Doppler, Van der Waals and instrumental broadening) and pertinent experimental problems (possible selfabsorption effects, source inhomogeneities, etc.) must have been discussed and taken into account.
The two Stark broadening parameters that were taken from each experiment were the half width, i.e., the full width of the spectral line at half maximum intensity (FWHM), and the shift of the line at peak intensity. The wavelength shift is considered positive when the measured peak-intensity wavelength is shifted to longer wavelengths (red shift), and negative when it is to shorter wavelengths (blue shift). .
General Arrangement of the Tables
The data are presented in separate tables arranged Hccording to chemical elements, and these are listed in alphabetical order. Associated with each element table is (a) a brief discussion of the experiments and a list of references, and (b) a table listing some key facts for each experiment. Also, when more than 15 transitions are listed, a finding list with lines ordered according to wavelengths is included.
The data tables contain four main items of information. In the first three columns, the transitions are identified spectroscopically by transition array, multiplet designation, and wavelength (given in Angstrom units). The wavelengths are usually taken from the tables of Reader et al. 5 ; the multiplet numbers refer to the running numbers in the multiplet tables by Moore, 6 and the transitions are listed in order of increasing lower and upper quantum numbers. The second part of the table, comprising columns 4 and 5, lists the temperature and electron density values at which the Stark widths and shifts have been determined. In the third part of the table, the measured Stark half widths (FWHM), wm' and shifts, dm, and the ratios of measured-to-theoretical widths, wm/wth' and shifts d m / d th , are presented. In the final part of the table, we provide estimates of the accuracy of the data, and the references are identified. When Stark widths as well as shifts are measured, two accuracy estimates are given; the first refers to the halfwidth, while the second pertains to. the shift. We have subdivided total uncertainties (due mainly. to errors in the electron density ' and Stark width or shift measurements) into four ranges and coded these by letters, and we have made further differentiations by singling out slightly better data among similar ones by assigning plus signs The word uncertainty is used here with the connotation "estimated extent of deviation from the true value," and our uncertainty estimates are based on the evaluation of random errors as well as our estimates of the maximum effects of possible systematic errors. Further comments on the choice of our uncertainty estimates are given elsewhere. 1, 7 
Theoretical Comparisons
For comparisons of the tabulated experimental data with theory, two extensive tables of calculated data are applied, both based on the semiclassical impact approximation. Oriem 3 published tables for the lighter elements up to Ca (Z=20) in 1974 based on a computer code developed by Benett and Oriem, 8 and similar calculations were recently unpertaken by two of the present authors (M. S. D. and N. K.) for those heavier elements for which experimental data are available. For the latter calculations, a computer code developed by Jones et al. 9 for singly ionized atoms was adapted to neutrals in accordance with imation of the semiclassical theory. Both approaches include not only the dominant electron impact contribution, which at a given temperature scales linearly with N e , but also small ion broadening and shift terms, which scale with N!/4. The numerical agreement between the· two slightly different versions of the semiclassical theory should be very close, which is indeed the case, as seen in a typical example (Table 1) .
Discussion and Conclusions
The experimental data on the Stark widths of isolated lines selected for this tabulation are generally Generally, the agreement between experiments and semiclassical theory is fairly good. The differences in the widths usually do not exceed ±30%; however, for heavier elements the comparisons with the new theoft!tical results show larger disagreements in several cases. Our critical analysis indicates that in most of these cases the experimental data are not sufficiently accurate to allow definite conclusions. Therefore, new experimental data on the Stark broadening of isolated spectral lines for elements heavier than calcium are urgently needed.
'Data Tables
Aluminum All Ionization Energy: 5.986 eV = 48278.37 cm-l At the time of the publication of our preceding critical review l no experimental Stark parameters for Ar I lines were available; in the meantime, four experimental results for Stark widths and shifts of some prominent AI I lines were reported. 2 -5 Generally, the agreement between experiments is well within the limits of the estimated uncertainties. The average agreement with semiclassical calculations 6 is within ±20%, which is considered typical for lines of neutral atoms (see, e.g., Refs. 1 and 6).
It may be of interest to note that in Ref. 3 an unexpectedly large difference (28%) was reported for the two Stark widths of multiplet No.2. The authors unsuccessfully searched 3 ,7 for the cause and concluded "that the measured difference of the half-widths of the Al I resonance doublet must be an intrinsic plasma effect.,,7
The line at 3092.71 A overlaps completely with a weaker line of the same multiplet at 3092. 84 We present again the results for the Stark widths of two Br 1 lines, 1 obtained with a gas-driven shock tube and normalized to an electron density of 1.0 X 10 17 cm-3 • These data were already listed in the earlier review 2 but are now (for the 4441.74 A. transition) compared with semiclassical theoretical results. 3 The experimental width is almost an order of magnitude larger than the theoretical result. It should be pointed out that a significant number of the energy levels necessary for Br I Stark width calculations are not known, and the available data tables are quite incomplete. To illustrate this we quote 3 the ratio MIS == -0;63 for the multiplet 4p _40 0 (see Br I table) .
MIS is a measure of the failure of the fulfillment of sum rules for the squares of dipole matrix elements, S )eing the sum of the squares of these elements. 4 On the basis of other, similar cases, however, we estimate that the incompleteness of the knowledge of perturbing energy levels can explain only a part of the large discrepancy between theory and experiment. The The results of the only available experimene have already been tabulated in the earlier critical review,2 but now experiment/theory ratios can be added. The measurements were carried out with a pulsed discharge, and the results were normalized to Ne = -most -lines the agreement with the semiclassical results 3 is not good at all. Four recent experiments, all performed with wall-stabilized arcs, have been selected. l -4 In Ref. 1, only the overall profiles of multiplet No.6 are reported (this multiplet is not listed in this tabulation, since the widths are not given), and the measured profiles are compared with semiclassical theoretical results by Griem. 5 The authors 1 attempted to determine the ion broadening parameter by arbitrarily varying this quantity until the best agreement between theory and experiment was obtained. Remaining discrepancies between theory and experiment could not be explained by the estimated experimental errors.
In Ref. 2 detailed results for two C 1 lines are given.
CI
Although the data for the 5052 A line agree well with other experiments 6 ,7 and the estimated accuracy for line width measurements is 25%/ we estimate a lower accuracy for the following reason: An analysis of the experimental profiles using the Davies The only experimental investigation on the Stark broadening of germanium was carried out with a gasdriven shock tube. 1 The Stark widths are normalized to Ne = 1.0 X 10 17 cm-3 and T = 11000 K. Theorr and experiment differ drastically for the 4226.56 A transition. 2M . S. Dimitrijevi6 and N. Konjevic, J. Quant. Spectrosc. Radiat. Transfer 30, 45 (1983) . an unusual approach to present their results; they calculated line profiles from theoretical broadening parameters 7,8 as a function of the radial distribution of the electron density and temperature in their plasma jet. These profiles, which include Doppler broadening, were superposed to obtain theoretically predicted line profiles as emitted along a diameter of their source. The resulting profiles were then compared with measured ones and an average agreement within 10% was found for the line widths, while the discrepancies for the shift data were larger, but still within 25 %.
The most comprehensive measurements of He I Stark widths and shifts were performed with a wall-stabilized arcs at electron densities from 0.02 X 10 17 cm-3 to 0.13 X 10 17 cm-3, and electron temperatures from 10000 K to 2()()()() K. Stark broadening theory7,9 for all measured isolated neutral He lines was found to be in excellent agreement with the experimental results. The average electron density determined from both the widths and shifts of these lines was about 10% below the value obtained from the Stark width of the hydrogen Balmer line H,a (which is often utilized to determine the electron density), and this result was also within the approximately 12% uncertainty of the density measurements. S It is important to note that in Refs. 5 and 6 the influence of Debye shielding 9 is taken into account for the evaluation of the theoretical Stark shifts, which improves the agreement with the experiment. (In· Ref. 6, ion-ion correlation effects are also taken into account.) The theoretical results in the He I table, in column dml d tb , do not include Debye shielding, and therefore the differences with experiment are larger by about 10%. It is very encouraging that the agreement between the theory and the experiments (with the exception of Ref. 6) performed with various plasma sources is very good, well within 10% for the line widths. This is especially the case with the He I lines at 5015.68 A and 3888.65 A. The scatter in the electron densities determined from the shifts of He I lines is about twice as large as for the widths (see He I  table) . Therefore, the He I lines, and in particular the two abovementioned ones, are recommended for plasma diagnostic measurements. The electron densities deduced from their Stark widths in conjunction with semiclassical data 7,9 should be accurate to within ± 10% (see also Ref. 10 ). This statement is valid for electron densities below a few times 10 17 cm-3 • For higher electron densities data are given only in Ref. 6 and the agreement with the theory becomes much worse. Since only a few results are available at high electron densities, no quantitative conclusions can be drawn and the applicability of neutral helium lines for plasma diagnostic purposes in this range remains to be checked.
The first observation of ion-dynamic effects in neutral isolated lines was reported in Ref. 5. In the case of isolated He I lines "the measured ion.dynamic effects arc reasonably consistent with calculations based on an adiabatic unified theory for the ion perturbers.,,5 The Stark broadening of Fe I lines was recently studied with two transient plasma sources: a gas-driven shock tube l and a Z-pinch electrical discharge.:'! All results were normalized to an electron density of 1 X 10 16 cm-3 and temperatures of 8000 K and 9500 K, respectively. In Ref. 1 , the influence of self-absorptiun was studied by application of a theoretical formula for the optical depth at line center and by using available atomic data, and it was estimated to be small. However. I table) reveals large variations, which may be caused by underestimates of self-absorption for the stronger lines. We have thus applied conservative accuracy estimates to these data. Stark widths for the shape of this line has also been discussed.
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KONJEVIC, DIMITRIJEVIC, AND WIESE
inspection of the line widths within various multiplets (see the Fe
No theoretical comparison data are available for this spectrum, since the recent comprehensive calculations for heavy elements 6 were restricted to spectra that follow LS coupling, which is not the case for Kr I.
6M. S. Dimitrijevic and N. Konjevic, J. Quant. Spectrosc. Radiat. Transfer 30,45 (1983) . were recorded photographically. The result for the (full) ~tark half-width, wm = U.62 A, is given for a normalized density of 10 17 cm-3 and a temperature of T = 11600 K. An accuracy rating of "D + " is estimated. The comparison with semiclassical theorr yields a ratio wm/w th = 2.46.
Key data on experiments
Lithium
Li I The Stark width and shift of the 2s 2S -2p 2po resonance multiplet at 6707.8 A was measured with an electromagnetic T -tube. I The· electron density was determined by single-wavelength laser interferometry (density range from 1.5 to 5.0 X 10 17 cm-3 ) and the temperature was obtained from Boltzmann plots of Ar II line intensities (T = 15000 to 26000 K). The T-tube was operated in argon, and lithium was introduced into the plasma in the form of a melted layer of its salt deposited at the end of the expansion tube. The Li impurity was found to be sufficient for detection, but small enough not to cause significant selfabsorption. This was checked for analogous cases in some other alkalis by comparing the observed intensity ratios for the two lines of the resonance doublet with the well-known intensity ratios. However, this technique could not be applied to lithum directly, since the two lines-which are only 0.15 A apart (6707.76 A and 6707.91 A)-completely overlap because of the large Stark widths (approx. 0.6 -2 A) encountered at the high electron densities of this experiment.
At temperatures of 17500 K and 26000 K, respectively, the following (full) Stark halfwidths were obtained, normalized to an electron density of 10 17 cm -3: W m = 0.38 A and 0.46 A. The corresponding values for the shifts are d m = -0.042 A and -0.039 A. This yields ratios with the semiclassical theory of wmlw th = 1.04 and 1.03; also, of dmld th = 0.86 and 0.86.
We conservatively estimate the accuracy of the width measurements as "D", since the authors did not perform a direct self-absorption check for Li, and since they provide no indication in their paper that they have considered Doppler or instrumental broadening. Since the shifts are much less influenced by these factors, their accuracy rating is increased to "e + ". Although accol"ding to the paper "excellent agreement" was obtained between experimental and theoretical profiles, the accuracy for the Stark broadening data is estimated to be no hetter than "D". for two reasons:
Magnesium Mgl
(a) The shape of the self-reversed line profile depends in a complicated way on a large number of parameters, and especially the considerable contribution of van der Waals broadening (the authors estimate that it is 20% of the Stark broadening) is considered only in an approximate manner.
(b) The authors did not attempt to estimate the accuracy of their result.
Using the reported C 4 constant for the Hg I 5460.7 .A line, we have calculated the Stark width for a typical experimental condition (Te = 6000 K and Ne = 0.1 X 10 17 cm-3 ) by using the well-known relation (see, e.g., Ref.
2):
where "14 is the electron-impact total halfwidth in frequency units of the Lorentzian line, and Ne and v are the number density and the mean relative velocity of the electrons. The full Stark width is obtained as Wm = 0.303 A, and the comparison with semiclassical calculations 3 yields a ratio wmlw th = 5.68. The wall-stabilized arc was used as the· plasma source for two recent experimental studies of the Stark broadening of neutral nitrogen lines in the vacuum UV. 1 ,2 A number of lines were studied in both experiments and the intercomparison of these data shows good (within ±20%) agreement. The only exception are the results for multiplet No. 11 UV, where the discrepancy is of the order of 40%. Comparisons with semiclassical theoretical data 3 typically show agreement within ±20% for the widths and within ± 30% for the shifts.
Nitrogen NI
It should be underlined that most Stark width and shift measurements . in Ref. 2 were made with high precision, so that they are useful for plasma diagnostic purposes. In the same paper, the ion contribution to the Stark width has been studied in detail for the N I 1199.55.A, 1411.94 A, 1494.67.A, and 1742.73 .A lines.
For the last three· lines the measured lineshape asymmetries agree with the theoretically expected ones 3 within the limits of the given uncertainties. In addition to the preceding experimental papers dealing with VUV lines, in Ref. 4 results for two N I lines in the visible region are reported, for an electron density range from 0.5 to 1.0 X 10 17 cm-3 • In several cases, two VUV lines in the doublets have practically the same wavelength, as noted in the table. Since these are completely blended, the width measurements pertain to the strong line and any small distorting influence of the weaker component is neglected. • Average wavelength for multiplet. ··Two blended lines in multiplet at this wavelength. ···The number in parentheses following the tabulated value indicates the power of ten by which this value has to be multiplied. ····Ratios taken at 13000 K. Three experimental studies on the Stark broadening of Na I lines were recently published. l -4 (Refs. 1 and 2 contain essentially the same results.) In one of the papers,3 detailed proftles of 3 2po -n 2n (n=4-6) lines, including the forbidden components 3 2pon 2Fo, 2G, are discussed and presented. This experiment was performed with a hot-wall stabilized arc in a sodiumargon mixture at Ne = 0.042 X 10 17 cm-3 and at T = 4500 K. The experimental profiles were compared by the authors with their own theoretical calculations 3 as well as with other theoretical data. 5 ,6 It was found that the electron density deduced from their own calculations 3 was 20% larger than the one obtained from older calculations for isolated lines. 5 With other recent calculations, 6 this discrepancy practically disappears for the 3p-4d line and is reduced to 10% for the 3p-5d line. However, it shOUld be pointed outthat no independent measurement of the electron density was carried out, and only the experimental proftle for the 3 2po -5 2D, 2Fo transition was graphically presented. 3 Therefore, there are no data from Ref . 3 in   the Na I table, and the other two experiments 1 ,2,4 deal with the resonance multiplet only.
Potassium KI
The data of Refs. 1 and 2 were obtained over a wide range of electron densities, (1.5 -5.0) X 10 17 cm-3 , but there is no estimate of the experimental uncertainties and no discussion on the contributions of other broadening mechanisms and instrumental broadening to the line width. Thus, it is difficult to estimate the accuracy of these results.
Ref.
Plasma source Method of measurement Remarks In all four selected experiments,l-4 gas-driven shock tubes are used as the plasma source. Ref. 2 contains only shift data. For these measurements the Rozhde~tvenskii hook methodS is used to determine the position of the shifted line in the plasma. References 3 and 4 report essentially the same results, but the latter one is taken for onr analY!ili~. ~ince the work is presented in more detail. In this experiment,4 three different gasdriven shock tubes were employed for three independent e~periments. Therefore, whenever different results are reported from the three different shock tube experiments, they are entered separately in the Xe I table. The mutual agreement between these three experiments 4 and the width data from Ref. In Ref. 4, semiclassical theoretical results are included, which are calculated according to Refs. 6 and 7. Satisfactory agreement between the theoretical Stark widths and the experiment was found except for the lines· at A = 4807 and 4697 A. 4 The authors suggest that a redetermination of the oscillator strengths involving interacting levels should improve the agreement between theory and experiment for these two lines. They also found marked differences between the theoretical and experimental shifts for a number of Xe I lines. It is suspected that this is due to the ambiguity arising from taking averages of strongly oscillating phases in the S matrix for close encounters. 4 No theoretical comparison data are tabulated, since the recent comprehensive calculations for heavy elements 8 were restricted to spectra that follow LS coupling, which is not the case for Xe I.
